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Abstract 
This paper presents a methodology to evaluate rail-road freight policies such as new services and/or incentives for long-
distance freight transport by using a mixed what-if/what-to approach. It uses a specific mode-service choice model to share 
the freight demand among alternatives (rail-road combined transport, maritime Ro-Ro and road transport) and a service 
network design model to identify new rail-road freight services. This methodology is designed to be easily integrated within a 
Decision Support System to allocate the freight transport policies. Finally, in order to show the applicability of the proposed 
approach, some application examples carried out to support Italian Ministry of Transport in the development of the new 
Italian National Transport Plan are presented. 
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1. Introduction 
Nowadays the objectives of sustainable mobility in freight transport can be partially achieved through the 
enhancement of intermodality, that for national and interregional trips suggest the rail-road combined transport as 
the alternative. However, the competition of rail-road transport with respect to alternative modes requires specific 
conditions for both demand and supply. In particular, a relevant role is played by the spatial distribution of freight 
demand (origins and destinations) and by the localization of intermodal terminals and services within the 
transport network. For this reason, such variables have to be considered within transport models to capture freight 
modal shares in relation to different freight transport policies the decision makers should assess for a given study 
area. The important role of rail transport for freight is pointed out in the “White paper Roadmap to a Single 
European Transport Area Towards a competitive and resource efficient transport system” delivered by the 
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European Community (EC, 2011), which reports that “the 30% of road freight over 300 km should shift to other 
modes such as rail or waterborne transport by 2030, and more than 50% by 2050, facilitated by efficient and 
green freight corridors. To meet this goal will also require appropriate infrastructure to be developed”. For this 
reason, aiming at supporting Italian Ministry of Transport in the development of the new Italian National 
Transport Plan, a methodology for the assessment of long-distance freight transport strategies is developed. It 
proposes and applies a mode-service choice model able to simulate the rail-road competition at national level and 
a supply design model for the definition of new rail-road freight services. This methodology can be easily 
integrated within a Decision Support System for the assessment of freight transport policies for both strategic and 
tactical planning, such as that of the Italian Ministry of Transport, known as SIMPT (Cascetta et al., 1995; Isola 
and Marasco, 2006). 
Section 2 presents the proposed assessment methodology, section 3 describes the specification and reports the 
calibration results of the mode-service choice model, while section 4 reports the network design model used to 
individuate new potential rail-road freight services. Section 5 presents some application examples carried out to 
test some rail-road freight transport policies that could be of interest for the new Italian National Transport Plan. 
Finally, section 6 summarizes conclusions and possible future developments of this research. 
2. The assessment methodology 
The general structure of the assessment methodology (see Figure 1) is designed to be used like a support tool 
for simulating the main effects of the exogenous design of freight transport strategies. It is defined within a mixed 
what-if/what-to approach (Cascetta, 2009) and it is here described in terms of inputs and models that allow us to 
calculate network flows and performance indicators to support the decision process described in section 1 for a 
design transport scenario implementing new rail-road freight transport policies.  
The reference transport policy framework is made of transport interventions reported by planning and 
programming documents that can reasonably be assumed to be concluded at the long-term time horizon (e.g. year 
2020). It is the base of the reference supply model through which Level of Service (LoS) attributes for each 
alternative mode-service are calculated. LoS attributes and new railway terminals contribute to identify the 
potential rail traffic corridors that mainly refer to Origin-Destination (O-D) pairs characterized by the presence of 
railway terminals and by a relevant future freight demand served by road because rail-road transport is not so 
attractive for lack of services.  
The future Origin-Destination (O-D) freight demand is estimated considering the future socio-economic and 
land-use scenarios and trends applied to the actual freight demand, while the distribution of the total O-D freight 
demand among possible mode-services (rail-road combined transport, maritime Ro-Ro and road transport) is 
carried out by using the mode-service choice model detailed in section 3.  
The future freight demand and the identification of potential rail traffic corridors are inputs for the definition of 
a new hypothesis of rail-road freight services, which is based on the supply design model described in section 4.  
The integration of the new rail-road freight services in the reference supply model allows us to define the 
supply model for the design scenario that is now the focus of the assessment in terms of mode-service demand 
shares and in terms of design network flows and performance indicators carried out by demand-supply interaction 
models applied to all available mode-services. 
In the following, for the reader convenience, we use the generic terms rail and sea to indicate the rail-road and 
the maritime Ro-Ro combined transport, respectively. 
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Fig. 1. The assessment methodology 
3. The mode-service choice model 
The freight mode-service choice model plays a key role in the assessment methodology described in section 2. 
It simulates the competition among rail, sea and road transport for national and interregional freight trips. It can 
be considered part of demand models for the estimation of the whole Italian freight demand, for which the 
international part (import/export) was simulated according to the model proposed by Nuzzolo et al. (2013). In 
order to predict long-term effects, the mode-service choice model has been specified through easy-to-capture 
variables mainly represented by level-of-service attributes by using a consignment approach (Nuzzolo and Russo, 
1995). Therefore, assuming a fixed quantity q for a given load units, the probability p[m/od] of using transport 
mode-service m moving freight in load units (e.g. containers or swap bodies) from origin zone o to destination 
zone d can be expressed as: 
p m / od⎡⎣ ⎤⎦= exp Vm
od( ) exp Vmod( )
m'∈Iod
∑ ∀m ' ≠m,m '∈ Iod  (1) 
where Iod is the set of possible transport mode-services available on the od pair (road, rail, sea) and odmV  is the 
systematic utility of transport mode-service m, that can be expressed as a linear combination of attributes ,
od
j mX  as 
follows: 
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in which odmC  is the monetary cost on the od pair O/D using transport mode-service m; 
od
mTT  is the travel time 
on the od pair O-D using transport mode-service m; odmAET is the access-egress time to terminals for the transport 
mode-service m on the od pair O-D; odmIT is the check-in time (function of service frequency) for the transport 
mode-service m on the od pair O-D; 500odmD  is a dummy variable equal to 1 if the distance between o and d on 
mode-service m is greater than 500 km, 0 otherwise; ROAD is a dummy variable equal to 1 for the road transport 
alternative, 0 otherwise; RAIL is a dummy variable equal to 1 for the rail-road combined transport alternative, 0 
otherwise. 
The proposed freight mode-service choice model has been calibrated by using the GLS (Generalised Least 
Squares) estimator within the classic theory of statistical inference on aggregate data (O-D information) using 
observed O-D freight flows per mode-service collected in Italy. The capability to reproduce the revealed 
observations was measured by the coefficient of determination R2 (R2 = 1- SSE/SST, where SSE is the sum of 
square errors and SST is the total sum of squares).  
Different specifications were tested and, finally, the model with the best statistical performances, according 
to the above expression, is reported in Table 1. All parameters are correct in sign and the capability of models to 
reproduce the revealed values is shown by the high value of R2 (equal to 0.98). The MSE (Mean Square Error) 
and the RMSE (the ratio between the MSE square root and the average demand) show values similar to those 
reported in the literature (Nuzzolo and Russo, 1995; Rich et al., 2009). 
Further tests have been performed in order to validate the reasonableness and the significance of estimated 
coefficients. In particular, the direct and cross elasticities have been calculated as: 
Ekm
p[m] =
Δp[m]
p[m]
/
ΔXkm
X km
  (3a) 
[ ] [ ] /
[ ]
p m kh
kh
kh
Xp mE
p m X
ΔΔ
=   (3b) 
where Δp[m]/p[m] represents the percentage variation of the choice probability of mode-service m divided by 
the percentage variation of the attribute k relative to the same mode-service m (direct elasticity) or to another 
mode-service h (cross elasticity). 
The coefficient reciprocal relationships and the above direct and cross elasticities have been calculated 
obtaining results similar to those reported in the literature (De Jong et al., 2010). The ratio between time and 
monetary cost coefficients, which can be interpreted as Value of Time (VoT) corresponding to different 
components of travel time (i.e. check-in and in-vehicle times) on the different mode-services, has lower values for 
slower mode-services (i.e. rail and sea) and components (i.e. check-in time, access/egress time and in-vehicle 
time). 
In order to test the sensitivity of the model to the travel cost and time, Table 2 gives all the aggregate 
elasticities computed with respect to the market share in tons when travel costs and total travel times are reduced 
by 10%. The values of elasticity are also disaggregated for combined transport modes (i.e. rail and sea). Most of 
these elasticity values have the same magnitude of those we can find in the literature (De Jong et al., 2010). The 
aggregate estimates indicate that sea transport is elastic respect to both O-D travel time and cost but less than rail. 
The highest values have been found for access/egress time, as expected for the important role of terminal 
accessibility for rail and sea transport. The smaller values refer to cross elasticities of road transport that is 
interested by larger shares and is quite rigid with respect to the other transportation modes. 
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Table 1. Calibration results: model parameters 
 symbol units alternative parameter 
Cost / /
od
road rail seaC  Euro all -0.0006 
O-D Travel Time odroadTT  h road -0.3186 
O-D Travel Time /
od
rail seaTT  h rail and sea -0.0202 
Access-Egress Time odrailAET  h rail -0.4488 
Access-Egress Time odseaAET  h sea -0.4438 
Check-in Time odrailIT  h rail -0.0225 
Check-in Time odseaIT  h sea -0.0265 
O-D Distance > 500 km 500odrailD  0/1 rail -1.5551 
O-D Distance > 500 km 500odrailD  0/1 sea 0.6466 
ASA Road ROAD 0/1 road 3.1959 
ASA Rail RAIL 0/1 rail 1.1479 
R2 = 0.98     
MSE = 3 072 539     
RMSE = 0.10        
 
Table 2. Calibration results: model elasticities 
 road rail sea 
Actual by model (tons/year) 100 889 055  11 403 933  4 710 400  
modal share (%) 86.2 9.7 4.0 
O-D Travel Time by Rail (-10%) 87.3% 9.0% 3.7% 
Elasticity 0.02 -0.21 0.06 
O-D Travel Time by Sea (-10%) 87.4% 8.8% 3.8% 
Elasticity 0.00 0.02 -0.15 
O-D Travel Cost by Rail (-10%) 87.3% 9.0% 3.7% 
Elasticity 0.02 -0.24 0.04 
O-D Travel Cost by Sea (-10%) 87.4% 8.8% 3.8% 
Elasticity 0.00 0.01 -0.14 
Check-in Time by Rail (-10%) 87.2% 9.1% 3.7% 
Elasticity 0.03 -0.32 0.03 
Check-in Time by Sea (-10%) 87.4% 8.8% 3.8% 
Elasticity 0.00 0.01 -0.13 
Access-Egress Time by Rail (-10%) 86.5% 9.8% 3.6% 
Elasticity 0.11 -1.16 0.16 
Access-Egress Time by Sea (-10%) 87.2% 8.7% 4.1% 
Elasticity 0.03 0.12 -1.05 
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4. The service network design model 
The rail-road freight services are defined by using a service network design model formulated as a constrained 
optimization problem in which the objective function consists of three components properly homogenized in 
terms of cost: the first represents the total time for moving freight (converted into money units), the second 
considers the costs for the production of transport, while the third represents the external costs. Constraints are 
relative to the consistency between demand, flows, design variables and system performances, as well as to 
technical factors such as minimum and/or maximum service frequencies and loads. In this study, without loss of 
generality of the discussion for the strategic planning, external constraints such as budget constraints or 
infrastructure capacity ones are neglected. Then, the design model can be formulated as: 
 
  ({it}, ϕ)* = ' ' '
{ },
arg in[ ]c e
it
m F TT K F DS K F DS
ϕ
δ⋅ ⋅ + ⋅ ⋅ + ⋅ ⋅       (4) 
subject to: [{ }, ] [{ }, ]F P it d it= ϕ ⋅ ϕ  
  {it} ∈ I{it} 
  ϕ l ,min ≤ϕ l ≤ϕ l ,max    l L∀ ∈  
  min maxl l lCAP F CAPλ ⋅ ≤ ≤ λ ⋅  min max ;   [0,1]l L and∀ ∈ λ λ ∈  
 
where F is path flow vector including all paths for all O-D pairs on all available mode-services (road, rail and 
sea), TT is the corresponding total travel time vector and DS is the corresponding total travel distance vector. All 
of them depend on the set of service lines {it} (which belongs to a feasibility set I{it} previously individuated 
through the analysis of the potential rail traffic corridors) and the relative service frequencies represented by the 
vector ϕ. In order to homogenize the objective function in terms of costs, δ represents a vector including the 
VOTs (Value Of Time) for all mode-services, Kc is the vector of the unitary production costs for all mode-
services, as well as Ke is the vector of unitary external cost values for all mode-services. δ, Kc and Ke are extended 
to all paths and all O-D pairs to be consistent with the mathematical formulation. For what concerns the 
considered constraints, the supply-demand interaction (that performs the consistency between demand, flows, 
design variables and system performances) is carried out for all mode-services by considering the path choice 
expressed by the mode-service path choice probability matrix P and the mode-service demand d estimated 
through the mode-service choice model of section 3, which uses times and costs (i.e. LoS attributes) calculated 
for the current ({it}, ϕ) configuration of rail-road freight services. Technical constraints for new rail-road freight 
services refer to a feasible range of service frequency (e.g. at least one train per week or no more that 2 trains per 
day) and to an adequate loading factor Fl with respect to the capacity CAPl. 
This problem is solved through a “greedy” technique (Cormen et al., 2009) by using an add-and-delete 
heuristic algorithm (Cascetta, 2009), which performs a sequence of insertion and deletion of combined rail-road 
lines (and relative frequencies) procedures starting from an initial solution. The insertion procedure adds design 
lines sequentially to generate new solutions. For each possible addition, the objective function value is calculated 
and the line with the largest reduction of the objective function is added to the current configuration. The 
procedure continues to add lines until no line insertion reduces the objective function. The deletion procedure 
eliminates lines from the current configuration, calculating the objective function with each deletion. The line 
with the largest reduction of the objective function is deleted from the current configuration. The algorithm 
continues to eliminate lines until no line deletion reduces the objective function. If at least one line is deleted, the 
algorithm repeats the insertion; otherwise the algorithm stops. The optimal service network configuration is that 
for which no lines insertion or deletion could reduce the objective function. 
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5. Application examples 
This section reports some application examples of the methodology for the assessment of rail-road freight 
transport strategies to be suggested for the development of the new Italian National Transport Plan in the field of 
long-distance freight transport, whose motivations are summarized in section 1. In particular, application 
examples have been carried out to understand how realistic is the achievement of the objective of the European 
Community by assessing the share of freight traffic that can be transferred from road to rail in 2020 implementing 
rail-road freight transport policies. 
The assessment methodology of section 2 has been implemented in a Decision Support System (DSS) based 
on OmniTRANSTM and ad-hoc programming code written in RubyTM. The database to which the simulations 
refer is compatible with that of the DSS of the Italian Ministry of Transport, known as SIMPT (Cascetta et al., 
1995; Isola and Marasco, 2006). It consists of 345 traffic zones at NUTS1 level, except for Italy that has been 
further divided at provincial level and more. For what concerns the infrastructural networks, Table 3 reports 
nodes and links for the considered mode-services serving national freight demand, while Figure 2 pictures the 
road and railway networks implemented within the DSS. 
 
 
Fig. 2. The Decision Support System 
The reference scenario has been implemented considering the latest Italian government planning and 
programming documents (IMT, 2011a) that includes new railway terminals for rail-road combined transport and 
that can reasonably be assumed to be concluded at year 2020. 
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Table 3. Infrastructural network characteristics 
mode-service nodes links 
road 108 562 215 109 
railway 4 835 10 306 
maritime Ro-Ro 56 138 
 
As the aim of the application examples is to focus on the rail-road freight transport competition, we considered 
only the potential freight demand for the above competition, which is made by freight in unit loads (e.g. 
containers or swap bodies) moving on distances greater than 300 km, excluding freight on traditional railway, 
medium size trucks (<16 tons) and freight traffic from/to Sardinia (because on such O-D pairs the rail-road 
transport is not available). Considering the latest available freight demand data source (IMT, 2011b; ISTAT, 
2011a,b,c), we have a total amount of about 117 million of tons actually shared among road, rail and sea as 
reported in Table 4. 
National rail-road freight services refer to 697 trains per week operated among 87 terminals (the 70% of which 
are located in the northern Italy) by 15 different railway companies. The national maritime Ro-Ro services are 
made of lines with at least one connection per week. They consist of 142 weekly connections grouped in 18 lines 
excluding Sardinia ones, as we did for the freight demand due to the absence of competition with rail-road 
services. 
Table 4. National freight demand (> 300 km) 
mode-service value (tons/year) modal share (%) 
road 100 889 055 86.2 
combined rail-road (rail) 11 403 933 9.7 
maritime Ro-Ro (sea) 4 710 440 4.0 
Total 117 003 388 100 
 
Starting from the reference scenario representing the Italian transportation system at 2020, different design 
scenarios have been implemented according to different hypotheses for the further development of rail-road 
freight transport services by introducing new services and/or incentives. In particular, they refer to the: 
• introduction of new services on long distance connections characterized by the presence of potential demand 
actually served by road transport (NSERV scenario); 
• activation of potential network effects through the possibility of transferring load units among rail freight 
services (TRASB scenario);  
• improvement of the actual rail-road freight services by a 20% increase of existing frequency services (FRQ20 
scenario); 
• simulation of the effects of "ferrobonus" policies by the reduction of the 20% of the total cost of transport by 
rail (CFS20 scenario); 
• simulation of the effects of "eurovignette" policies by an increase of 4 euro-cents per km of the road transport 
cost (scenario CSTR4). 
 
In the following we will provide mode details in terms of demand values, modal shares and differences with 
respect to the reference scenario, whose results are summarized in the following Table 5.  
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Table 5. Simulation results 
 road rail sea 
reference scenario    
value (tons/year) 100 889 055  11 403 933  4 710 400  
modal share (%) 86.2 9.7 4.0 
NSERV scenario    
value (tons/year) 99 569 414 13 592 767  3 841 207  
modal share (%) 85.1 11.6 3.3 
difference w.r.t. reference scenario (%) -1.1 1.9 -0.7 
TRASB scenario    
value (tons/year) 100 820 568  11 622 811  4 560 009  
modal share (%) 86.2 9.9 3.9 
difference w.r.t. reference scenario (%) -0.1 0.2 -0.1 
FRQ20 scenario    
value (tons/year) 100 209 297  12 115 462  4 678 631  
modal share (%) 85.6 10.4 4.0 
difference w.r.t. reference scenario (%) -0.6 0.6 0.0 
CFS20 scenario    
value (tons/year) 100 383 471  11 953 277  4 666 641  
modal share (%) 85.8 10.2 4.0 
difference w.r.t. reference scenario (%) -0.4 0.5 0.0 
CSTR4 scenario    
value (tons/year) 100 773 352  11 495 123  4 734 915  
modal share (%) 86.1 9.8 4.0 
difference w.r.t. reference scenario (%) -0.1 0.1 0.0 
 
The NSERV scenario considers the introduction of new services on long distance connections characterized by 
the presence of potential demand actually served by road transport, which have been defined by using the service 
network design model of section 4 with parameters fixed according to the literature (EC, 2007; VPTI, 2013).  
In particular, we consider: an average VOT of 50 euro/unit load-h, unitary internal costs of 1.1, 0.8 and 1.0 
euro/unit load-km for road, rail and sea transport, respectively; unitary external costs of 58.4 euro*10-3/ ton-km 
for road transport and 7.3 euro*10-3/ ton-km for rail transport; service frequency ϕl can assume values between 1 
train per week and 4 trains per day (i.e. ϕmin = 1 train/week and ϕmax = 28 train/week); train load factor can be at 
least the half of the capacity but cannot exceed the 95% as we are dealing with average values (i.e. λmin=0.5 and 
λmax=0.95). 
Under the above assumptions, the network design model allows us to identify 9 new potential rail-road 
combined transport lines serving Sicilia, Calabria, Campania, Umbria, Piemonte, Veneto and Lombardia through 
108 additional trains/week (+15% with respect to the reference scenario), which brings the rail-road service 
supply of the NSERV scenario to 805 trains per week. The rail and road freight services of this scenario are 
pictured in Figure 3. 
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Fig. 3. NSERV scenario: rail and sea freight services 
The simulation results of the effects of the introduction of the above new rail-road services are shown in Table 
5, from which we can observe that new services bring to an increase of the 1.9% in the rail modal share that 
comes from road (-1.1%) and sea (-0.7%) transport, with a slightly higher value for road with respect to sea. 
Comparing the NSERV scenario results with the corresponding reference scenario ones, we can see that rail 
gains just a little less than 2.2 million tons/year, passing from about 11.4 to less than 13.6 million tons/year, 
which corresponds to a modal share of 11.6%, with a relative increase of rail of about 19.2%. This increase in rail 
traffic is achieved by capturing about 1.3 million tons/year from road (which reduces its modal share from the 
86.2% to 85.1%, with a marginal reduction of about 1.3%) and about 870000 tons/year from sea services that, on 
the contrary of the road transport, is a clear reduction of about the 18.5% with respect to sea traffic. The reason of 
this negative side-effect can be explained by the new competition between rail and sea transport due to the 
introduction of rail services from/to Sicily. 
The TRASB scenario simulates the introduction of potential network effects given by the possibility of 
transferring the load units between trains, aiming at creating the backbone of an integrated national service 
network to increase the competitiveness of the rail-road combined transport.  
The analysis of the simulation of this scenario points out the limited effects in terms of the increase of the rail 
modal share (+0.2%), which is achieved in equal measure from road and sea. This increase refers to a gain of 
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about 200000 tons/year that brings the rail transport from 11.4 to 11.6 million tons/year, corresponding to a modal 
share of 9.9% with a relative rail increase of slightly less than 2%.  
This increase in rail traffic is achieved by subtracting a little less than 70000 tons/year from the road (which 
remains stable on the reference modal share of 86.2%) and about 150000 tons/year to the sea transport, 
corresponding to the reduction of traffic on this mode of about the 3.2%. 
This result allows us to state that the possibility of transferring unit loads between different trains is a solution 
that produces limited benefits if transferring is allowed only among single rail-road carriers due to the 
fragmentation of rail-road services (15 different carriers) which characterises Italy. It implies that each rail-road 
carrier operates on a very small sub-network with limited benefits in terms of competitiveness of freight transport 
by rail. A higher effect of such a strategy could be reached by implementing actions able to stimulate the 
interoperability among the different carriers, for example under the presence of a coordinator (i.e. national 
authority). 
 
Even if the increase in demand is quite limited, the following scenarios (FRQ20, CFS20 and CSTR4) present 
the advantage of the absence of a competition between rail and sea transport because the rail demand gain comes 
entirely from the road transport. 
In particular, the effects of the expansion of the actual rail transport services by a 20% average increase of 
existing frequencies is the focus of the FRQ20 scenario. The results reported in Table 5 show an increase of the 
rail transport of about the 0.6% as it passes from 11.4 to 12.1 tons per year, corresponding to a modal share of 
10.4% with a relative increase for rail transport of the 6.2%. This traffic comes almost entirely from road 
transport whose modal share passes from the 86.2% to the 85.6%, with a relative road reduction of the 0.7%. As 
previously stated, the sea transport does not present significant changes.  
 
The CFS20 scenario describes the effects of incentive policies like "ferrobonus" by the introduction of a 
reduction of the 20% of the total cost of transport by rail. The results of this simulated scenario (see Table 5) 
show the effect of the rail cost reduction, which induces an increase of its modal share of 0.5% that is almost 
entirely captured from road traffic. In particular, we can see that this increase corresponds to about 550000 
tons/year that brings the rail transport from 11.4 to slightly more than 11.9 million tons/year, corresponding to a 
modal share of 10.2% with a relative rail increase of about the 4.8%. 
This increase in rail traffic is achieved by subtracting about 500000 tons/year from the road transport (which 
reduces its modal share from the 86.2% to the 85.8%) and about 50000 tons/year from the sea transport (to which 
corresponds a traffic reduction of traffic on this mode of about the 0.9%). 
 
The CSTR4 scenario simulates the effects of a dis-incentive measure for road transport by increasing tolls on 
motorways of 0.04 €/km according to European Community Directive "Eurovignette" (1999/62/CE). 
The analysis of the results reported in Table 5 shows a very limited effect in terms on rail transport increase 
(only the 0.1% corresponding to about 90000 tons/year) entirely gained from road transport that reduces its traffic 
of 115000 tons/year. In this scenario the rail modal share is the 9.8% with a relative increase of about 0.8%.  
 
Finally, aiming at simulating the joint effects of all the above strategies, a further design scenario (ALL) has 
also been considered. 
The results obtained for this scenario are reported in Table 6, where demand and modal shares are compared 
with those obtained from the reference scenario. From Table 6 we can see the advantages of the joint 
implementation of all measures that lead to a global increase of the 3.2% of rail transport coming mainly from 
road (-2.3%) and marginally from sea transport (-0.9%). In particular, we can see that rail gains just a little more 
than 3.7 million tons/year, passing from about 11.4 to 15.1 million tons/year, which corresponds to a modal share 
of 12.9%, with a relative increase for rail of about 32.6%. This increase in rail traffic is achieved by capturing 
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about 2.7 million tons/year from road (which reduces its modal share from the 86.2% to 83.9%, with a marginal 
reduction of about 2.7%) and a little more than 1.0 million tons/year from sea services with a clear reduction of its 
relative traffic (-22%). As previously describes for the NSERV scenario, this negative side-effect is mainly due to 
the competition between rail and sea transport for freight traffic from/to Sicily and it is here higher because rail 
transport in the ALL scenario is more competitive with respect to other simulated scenarios for the joint effects of 
all strategies. 
Table 6. Simulation results: ALL scenario (tons/year) 
 road rail sea 
reference scenario    
               value (tons/year) 100 889 055  11 403 933  4 710 400  
               modal share (%) 86.2 9.7 4.0 
ALL scenario    
               value (tons/year) 98 202 252  15 124 601  3 676 538  
               modal share (%) 83.9 12.9 3.1 
Difference    
               value (tons/year) -2 686 803  3 720 668  -1 033 862  
               modal share (%) -2.3 3.2 -0.9 
 
The benefits of the introduction of the design scenario are higher if they are considered through the 
representation of values underlying the calculation of the effects in terms of internal and external costs of the 
freight transport system, that is the total annual mileage (tons-km/year) reported in Table 7. In fact, comparing 
benefits of Tables 6 and 7, we can see that the +3.2% in terms of freight demand becomes larger (+7.2%) if 
estimated in terms of total annual mileage. This result is due to the reduction of both road (-5.3%) and sea (-1.9%) 
total annual mileage. 
Table 7. Simulation results: ALL scenario (tons-km*10-3/year) 
 road rail sea 
reference scenario    
               value (tons-km*10-3/year) 48 704 307  8 183 477  4 382 128  
               modal share (%) 79.5 13.4 7.2 
ALL scenario    
               value (tons-km*10-3/year) 46 768 425  12 958 925  3 296 688  
               modal share (%) 74.2 20.6 5.2 
Difference    
               value (tons-km*10-3/year) -1 935 882  4 775 448  -1 085 440  
               modal share (%) -5.3 7.2 -1.9 
 
Table 7 shows an increase of rail transport of a little less than 4.8 billion tons-km/year, passing from about 8.2 
to 13.0 billion tons-km/year, to which corresponds a rail relative increase of the 58%. This increase in rail traffic 
is achieved by capturing traffic from the sea transport that reduces its total annual mileage of about the 25% and 
from the road transport that reduces the total annual mileage of the 4%. The reader should note that the slight 
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reduction of road transport has to be considered in the large quantities that characterize road transport with 
respect to the total, for which the road absolute value still represents about the double of the sea transport one (i.e. 
the 1.9 billion tons-km/year of the road transport compared with the 1.0 billion tons-km/year of the sea transport). 
Moreover, the total annual mileage increase of about 1.75 billion tons-km/year, to which the above reported 
+7.2% in rail modal share (from the 13.4% to the 20.6%) is due to the reduction of road (from the 79.5% to the 
74.2%) and sea (from the 7.2% to the 5.2%) transport. In terms of external costs, this effect represents a positive 
added value as it refers to a modal shift towards more sustainable transport modes. 
 
6. Conclusions 
This paper presented a methodology for the assessment of rail-road freight policies aiming at investigating 
how national strategies for long-distance freight transport can realistic contribute to achieve the objective of the 
European Community of capturing a substantial rate of road freight traffic in the medium long run. 
The methodology has been defined within a mixed what-if/what-to approach, which uses a mode-service 
choice model to estimate the freight modal shift among the considered alternative mode-services (rail-road 
combined transport, maritime Ro-Ro and road transport). This model has been specified by a consignment 
approach using easy-to-capture variables mainly represented by level-of-service attributes. The model calibration 
has been carried out by a GLS estimator using observed O-D freight flows per mode-service collected in Italy. 
Aiming at attracting further freight demand from road transport, new rail-road freight services can be 
identified by using a service network design model, which has been formalized through a constrained 
optimization in terms of generalized cost minimization solved by a greedy technique.  
In order to test the applicability of the proposed approach, the methodology has been implemented in a 
Decision Support System. It has been applied to assess some possible national rail-road freight policies to be 
considered by Italian Ministry of Transport for the future development of the Italian National Transport Plan. 
Simulation results allowed us to assess limited results in terms of freight demand attraction by road with 
respect to the target of the European Community, but they allow us to individuate the strategy of defining new 
demand-oriented rail-road freight services as the best strategy to achieve significant results. In fact, the expansion 
of the actual rail transport services as well as the road dis-incentive measures bring very limited effects that in this 
last case could only reflect in the market distortion of increasing the costs for end-users.  
Further developments of this research mainly refer to the specification and calibration of more sophisticated 
mode-service choice models (e.g. based on more disaggregate data, when available) as well as to the use of more 
efficient heuristics to solve the service network design problem. 
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